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AL, 1980 AR D S AR ICHERE L - 3iGE)
D ERBACIZEE S BB O ZLIC#EY) 2 xS 2179 2
EDRWETH L E L. &0 b EELEICIREMIE
DOFREMBEE BT TS, ZOMEICH L TEERET
DOEEE R L. EBREEARE W) BFZEFHE OB 5
ERAIZDOTH S, FEEOBFIZH/2D EARIE, EAN
RS O FEA T #E & EFSIREMIIS ST O FERIRE & 12
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EDXHICHEETHONE V) BEIZOWTI, Tl
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&) BR A EZRE L - ERIREAME O E 21T 9 B
N bo EBIREAMS L. Jeak o & 9 ITIREDAE T
37 S EBOiIETH S, ZD720, TEIOFGFIC
HEEETL2HOTHY) ., Bl IZEESEROF SR
L&) HID 72 DI RS \IRFIE A E S 5 &
AR EDHo TR LELREVDTHL, ZDT ELIZD
WTEARIE, [RE SN B IR X 724 O ERKET
MOFEIIENRE & 72 2R % WETE S L) R0 T
HHIENEREND | TEEEHL, 20X %
SFEAREATAM I F V& 5 IREfiAE & H 2 R AE & A
LTwa (A 1983 128),

Do X5z, EARIE, EINIREAMRE & EERRE
FEDMERE DS 72 5 2 & &R L7z BT EIRSIREME O
BETTENZ 2 B A 2 ORI, BERE ORI DR
KALB & OISO SEERHM & v L EIPNIRE
W ERBOREIMIZENSNL L LTS, F72,
R D J#E D 72012 v S 05 IREHIE % s R
Wi BB D720 B 2 REHIE % 37 AR
HEMLTWDLIDTHA, 12721, W ORI
ERETAHEIIBWTH T — L AL v T AFIEDH]
WEZITHIERIBRHLTWD, DETIE, BERNE
BIREAMAE . IR DR IS EIC oW T E
DENNEZTODEERT L,

1.3 HEREME & P RS ML

EARIZ. ZEFESEDTET 5 EBEIREMmE % 2 D
HIIZ & o T folifRilitg. W7z a93REqfits 2 L <
FNSEZRBTAH7200T7 =2 AL v 7 AFEHEIZH-
727 =L AL Y T ARG T T b, KT, K
BHRAMEAG & A7 RIREME ISR 2 T BT
9%

EARIE, ROEIREMIE 2 SRR & % Rk
THBICRESNAMETHLELTWDLEA, ZDH
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AT L2 TEAT T THE L EIEHT 5. ik
Blit& OREIIE. SHEERIK L THERD & % 5 EFE
RIS 2 MBSO T 5 L8 H 5 & L, BERF
Wik 2 A L 7o mEiREMiE O/ EE T IV REL T
Wa T NI HIERTEEE WD Z L CRER.
b b EEIRRE 2 FET S5 Z L IEWRETH S, L
L. BEFTHEED-OICHE SN2 82720
TEEOREMBETELTHA ) o T2, HER
EEOREEL LT, ZEFHEREDOERL L) ETLHH
o HESEAER TH 5D L) R CiEmED Sh
TWwh, L L, Tang (1979) 12X AREHED»S

b HELRFE—NEMTHLZ L IFETEZON RV, Z
D7z, FHE L, REIREAME 2 2 b OPEETE
LHTHAIN, TN HEIZBWTHEHARENE D »
FEEHITH %o

WA RIS T 5o EIBIREMING 2 S
52 LT, BT SHo¥EEFMICH Y SN Rl
HDHWVIEROL & Vo 2EFHESEOSNDL 2 L8
HoTERLARWVE, 29 LEAFHEEICHEL KT
3, BEMEA MRS 5 720 O EIBIREANE % H a7
BRI E LTWb, 202 L, rFatds o
ZOEHREOEBHMATNOHEIZHHUT LD
Thb, 2H) LK RBN L2 bDET 5720
WZEARIE, BEREM T T AERIA N EHNLZ L%
LT B (FA 1983, 208) o

F 7o, BHEOEEHM AT BAIIE, EHRE
WOMEIEETH S & LT\W5D, FHWHEMEARO
SENLDOTHIUI., FED & D IR 5 2 &K
A &R IREMEE Z R L. Flikd b v
ZROIZHOVWTCEMET 22 EDET L WVETLHDOT
Hbo — T, FEHHIEHTREEL L2 VWEAE, T4
bE R EED., LEEMESEKOTIGD OFE
EO BN % ERT 5720508 SNLHEITIE, ol
% ERBME S 5 LOBRESIN TV LT TH
BEieiET s (FA 1983 211). ZOHAEICIE, AT
HIARFHIAE 2 W ICHET D O0IEEET 2 LEN %
<\ TGO 70 EIBAREMRE O b & TEMR TR EH)
HHESFEEOIEIZBW TSNS Z & T
Lwe LTwh,

FRLCEZZ L) ICERIT, ZEERED LR
REE L CEBIREMIE 280D L, EREEEE O
BaMEf L C&7bIIThb, LEEMSELID &L
BRBZER DS EBIREGE O E T, Skaek
DOFIEDOIRAALB & BT SO FEREFEM 27
HELIHEMEONL LD TH DB, T2, TNHD
HENZET 2 3RFMIE & L SRS R a2 Y
PREHIAE & v ) MRS A A L7 2 L IXEBEEART
AT 5 L TRELRIETHS ),

—H T, BEAROWZRIL, EWNIRFRMEOMER & LT
EIFRBRME A 2 TB Y. BICSEREAEOREE
FIZETLHDTH 720NN TH L, ZOHH
D12IZT =LAV ¥ 7 AIEMIZE§ 2 WFILE RS
NI 2R3, Fl IR R o 2 AR BT 252 O
R T L) OISR TRV, 20D
T HZETRERIRASILOXRFIVT 4 5E
ANAT IS DHZ ExREZNL, 9 LIREHLE
TholzbBbhb, INH%2ET 2, BEROIZELL
M, BEIBRBMS L ED L) I EA R SN TE 2D
MERTTEREITI 6



[ZIRRAARIA AR H68H 25 2022

b

2. EREREREHSITO-NIVEBRSNDOERE
EFEIRE S
21 BA (1989) DR
HA (1983) OWFZELIRE, EBIREAMNE 2 i &
L7z BE AT ORI ED L HICHER L TE 20
THDH) Do TORMEZETRL, WL OPDHZEIC

FEAEEHAF oW Th b,

MEMFZEIX. EAR (1983) DM L v FEM
WZHFZE 21T > T b fid. 1965 4FEAH 5 1982 4F F
TORENZBIT A EERELRET L. ROZ L EHL
PIZLTWh, Tabb, [ENMEENSLEEEEEN
ERATT DA, ENFEEICH T REEEEY A
T A w NV EEICS HVTW 528, A ESER B O E]
GO %1200, EINFEZEICHW W B
VAT LAEIE L L LEREREICETAODOEMEL
TWARENBEIL TWD Z &, R OER
Al & 2 OB BE O FEBMEFMIZ R 2 2 ML W5
WEPEINT 2@ HDL] V) HETHL (BA
1989, 83-82). Z DI ki, FHIELBHIHLEL DR
2BV, FHETM O T E MRS 5 720 1T
M2 —3 5 2 LAV TH D L SNTE7225
ZEEREICBVTIE, 2O LICEHESELTE
EV)ZENINPD R D, DF D, FEIHIREOE
b U CEBIRBME 2R 5 2 L ICEAPAE L TE
T2EnwH)ZETHAH, T, KREZEECE LR
D &) REMNCH D — T, HARILE— OEFFAME
AR LBETTCW 2L IRTWDS,

X502, HA (1983) &, WISt o EE
ZIE, ABME T ZE L CERBFMEIT) 2L onE
WndbHE L, BEREIERETTD D56 1213.
AEEE AW E TS E 7213 RO1IC XL 45 %
RIBLTW/, L2L, BE (1989) OWFZER» 5,
WIS O FERBRHI A 4T O B iE, BlEEx b -
TEHli SN A7 — ADHEML TWEZ EEZHLRIZL
TWb, ZOMIZH .. ERFFMICK & 284 KITT
R & LT, R A3 o> Ak 3t 3 15 5 A o e ik 4
EBED2HEBILTWS, BIFEICOWTIE, A8
M) 7 Bk AL e % o1 5 2 L3 L WS, EREEO
7202, IEIRZIT) SEDPNEETHLELTWD,
T 7, BAL, TSI L > TEHEARETH D
7o, BUBIRIRIZEZ W CEHMEiZ T ) NETHLH L L
TWwhs

DED X o1z, B4 (1989) &, KEIZBIF 5%
BERRAE L ) . ZEESEICBI 2 EBFMOLED I
DWTHROWZEL ) KECHER ST VW L9, &
7o RIS, FSETBHIALEL Z Arie & L 72 E NSRBI S
DOHff7e % EIEIREBME BT L TE2 5 2 L DRA%

HEDOWMZEIZBWTHLNZLTWADTH A,

22 JO-—-NIEBSETDEREF
B (1983 - 1989) OWFZELIKE. 1991 4F (2 EI B
FAFHE 70— NVEHAEANLUMT 28 D -
2o T, &Et70 71 TS (MAFNEG)
Lo T, BBENZDHIDTHB, FH—NIVEHRS
FINOURROI X, HA &7t o BEBE o AH:E % B
1295 2 & THARMZEBEE DI T ) T HRE
WSO AL T, HARNEESFOUEEIC
BIFL7-0L LTw5h (MAFNEG BF7E4 1991, 101-
102)o ZAUFEBIREMEIZEOME TE 21X, &0
AR (1989) OWFZECHadi L 7z R R 55 |
REMIEFELE OBRCEIEICT L2 0, HAR
EHARTOUHEDER LD THLEEZ HND,
70— N )V A EE N O SR LU, MAFNEG
(1994) 1%, [ aztovary747) L LT
DEELZFITL T D, BEEHTIL, BREHAE
DEE AT ERIREME &2t B LU0
DOEHZOFEFFMOMETH L L LTV b, TD L
T, EBEHAFIIB T 2 EEFMOGRTIZONT
BEMA 2L CWADTH A, Tang (1979 - 1992) &
A e © B BBl 2 H 72 S T filfi 0 B 22
PEAT1977 SED 522> 5 1990 4E D 10 712 2B L T
LHZ R FIFTCwh, F/-F0HHE% American
Accounting Association (AAA) & Frederick D. S.
Choi and G. G. Mueller. (1984) @ RLf#EH SIS A2
LTwb, AAA (1973) &, EINIREMEE L, 70
T4y —MWTOEBFMIZBI A LD
ERSNL—FT, ZEESECIE. SEBH %A
& L7 R ATE R & OV S O EREEMIIC B LY
HUCFEHEDAN O EDREH S NS Z LB N T W
%o F72. Choi & Mueller (1984) &, [#EybTS34t
DL, WIEHHHIZE 2D TH B 7201840
SERERHIIEHE L. ZEEEASEO R TR TR E 2 S
THDICHL 72 HETHL I ENET L L, BEOH
EROBRRIEA Y M2 RIT 228 %
2242 ] £ LCTwb (Choi & Mueller 1984, 271)
) LR S 512 b 5, Tang REAR
WHRONZE ZT7E. [FHEMBHISEFHI BT 2R EH
fha AR, WM NS B AR ER 2 iR L 72 b
DOTHY) . EBREMEDO T 7a—Fik, K2k
Kttoay bu— LV ESHEIZEVWEZ T TH 5
EIEfE9 A (MAFNEG 1994, 161). 251220 &9
PR Z LT HDIE, [ FART 4 v 7 %
e L7-EHARIZES A RIMEEZ AL Cnb 2 L,
AVFRBRZEIN % 3B 00 L C D AEk O E BAFTIIZE AN &
LCELNRTTALDB|EREAHTHALI L] D2



A EN BT 5 EEHRE M2 O BLUIR & FRE

A& TS (MAFNEG 1994, 163), 20 2 £IZ
L. HHAFHI B 2 M & EBOFEMSTER S 1
% 1990 SR DRI TlE, JiE O A B FEEE L T
LEFFAGNWZ . FAEE L EONEROEM
KFNCHESVE N S N A FBRERN NN 52 & T
BEHRHLTLVONE W) EEMEZETL2OTH S, 72,
FE RIS OB 7212 BEE L €. [KE 2 2 5 ]
EHAMEERH OB, EHEES X CHEBIEED
MREICET 2 HERmPRETLE VDo 2 xdR
4% (MAFNEG 1994, 163) %,

oz &h s, MAFNEG (&, fERo EFRE S
FHC BT 2 ENIRBME IR O ML R & L C EFRRE
BOWFRZIT) ZLEDRAZIRL TNRDLDTH S,
7272 S ORI, fEk o EIBIREMS IS & 15
ETDHHDTIERL ., Z7U— NV REhrsZoME
RELT LI LICL ) BEDPBEELL., ek T 5
A LDOENEOBETZINAZ B Z L IZ8A 5 LIgHT 5
DTHAH (MAFNEG 1994, 165)

23 FO—-NILEBAEORER

S MAFNEG DlfE, 70— N VAR
LHimxid, —EHR SN EEL L CIIPEME
(2004) 12& B [Za— OVERAE] PRENZ D
DTHH)o Ty W7 u—N"VEHREFNCE
WTEBIREME 2 D X ) ISR -0 EEES
%) l()o

FiE (2004) 13, Zo— N)UEBEAEE LT,
BIREMIAE 2 MRET 3 A B, EBELG . 45 IC R
FEBEHI Lo LR, R EHLo R, ERBLE &
REEHEZRELEAMO3OBNEZLNLE LT
Bo BENIMS 23 LTk, ERERBIS &R
EHAERAE LA THL, 2O LIOVWT, B
B ARG BLH] 2 AL L 72 gE & L CE A (1983) %
Dipankar Ghosh and Terry L. Crain (1993) % #1i2
P CTWh, fhbix, 7 Vv— 7EESERORHFR AL
rHIEE LBRREET VOMELZ, /2, B4R
FeD WL IREHMAG ORES 21T > TW A DIFEDS, £
DG IS DBIRATFE LN IS B RAED R 2 &
IR 5. T BIRMEBHENER L 725 2
OVE % FRT LD THSH (FHHE 2004, 155-156) o

ZO—F T, HEEHOHMIIETHIRETIE LW
CEEMLCWD, FREEITHBIEREEZRICE Y, &
AR SE DS IRFERERE 72 1) & 734§ 2 O BERRRE E C
ST L0028 EERIRBMIE O EN R R B &
L. COMEIX, BB CHRIEINLHDOTIEER L,
REEMOMETH 2 LIgHT 5 (FHE 2004, 157)
FRW AR EEE E ERERE A LR
AP VETHLEFRTLDTH L, ZD2HICIL,

Rl s 2 = L < BFE3 2 2 L oML Tk
L. ZEESE T 2S5 ARG I & & E
WX L. ZhvEnh s RENER AT (Internal
Revenue Service : IRS) OBIEAHEEHIOH & TH
L T\wWh,

o Z 250 (2004) 1%, HEFOKERR
AE B 35\ THTZ B RE |2 B89 2 B s s iiE
ThdbIErIBMT 5, KERBEMAZBLHEIZB VT
(. BBl & RIS RO EHET H 2 LA
BHENTWD DY, [FIZgEEiE, HHEOREMT L o
B X o CEBIREMIE O 2% 412 EE$ 5 b DT
HY . HEETOEARLKEEEBOMA TR > THF]
RN TELT 21T V) aiierd 5| LIRS
(fHE 2004, 167) 2 F b ZAULIBBEAGEBLH] % i
BT 5 &) EEBBOBMICEH LD TH Y,
R E OB O, FREEREZIET 57201213
MO T LA T ALENHLETLDOTH S,

F 7o, Bl RERICEE L Cld, BAHomEREE %
T2 5 EITREDG 2, BT XE L L2
G ED XD B ETHINT 2000 MBI R 5 LT
3%, ZORIZOWTHEIL., ZEEAEOEAN
PO NEE L, W TStk0 SRR B O AIE % 1
g2 DIELBRTH 505, £ORILFHFEIZOWTIL,
RERMEBHI O TH ) . BEEEOHL, 5
WIS 2 DD %E 2 H0ENH L EI8RHT 5 (i
2004, 168) o

PEgEIX, 70— NOVEBSEHIB W T, EEBLE L
B ER L A L 72 CEBEIREAME % a3 2 %
BEIRL TS, V)DL, ERLOFITEIT/- &
I, EBEBBIEETHL I LITHEN RV, Ly
L. &9 LZZEBERBICE > THREIPET A2HTYH,
REEHOMTERE L 2TNER L2 EPdH b 2
ERIEHTADTH A, T L7-RREEHOMTH %
Z % 72O\ AR AFEBEHIZ B3 % i > 70 LR AT
THhY)., F7u—N"VEEAFIOHALE LTIE, £hz
FiG-0b 0L L7 EHARIEOLESEZIRRT 5D
Thhbo

DIlE, EBERAF?S 70— NVEHAFANER
T3 AT, EBREME2AED L) IR ONTE
T2DOMPIZONWTEERE T CEI, TO—FHT, EE
BHAFHC 70— OVEBAFHIET ARIE. FIZ
BEOFERFEOREREZZITRSNTE /22 13
L THD. TNTlE, TAPEIZBWTIZED L) &
BN % SNTELDD, ZOEEHFTFTTELET
%o
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3. BRZEETEZHRCH (T ZRERATHRRDOHBE
3.1 {EBE (1993) L U'E - £# (2009) IC& 3
ST TR
EISIREMIAE ORI 2 BF3E 2 179 LT, FEEHRE
WEGES e 2 L I3 DMIEH b HL 2 TH L, £
2Ty HAENZ BT 5 EESEEmE ORI 21T -
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TEERSA AW (BR) % 29L K1) 7o ¥ L o Sl
HEICAN, T2rpm IZFRE S NIR E H % (TS-10.
Y47y (BR) T, ZiRT 24 KEiRE 5 87,
& ) REIMFZEES T 105C, 24 FR DL Lz < &
720 LUta, SAA L V2B LT 7 Ay — b %
CuG L EiLdT 4, FESNACuGE~Y Yy 7V
(FM-37, v~ MR (#k)) TRET 300TC. 2 K
mE L 720 Lk, Cu-G ZIn# L 7= 7 AiHES — &
% CuB-G &£ KT 4, CuGICHEF SN TWDEH A 4+
YRERT HIOICEERG T T AN
i# (iCAP. Thermo Fisher Scientific #) (LLF ICP
HTEETE L FED) T, CuG EBLET £ o i R SR

IKBRP O A+ v 2ER LTz 2T, ALKG I
AR L 2B, ALKG OB LTE 22 A F
YHEOEN - Em AT 72,

2.2 HEMEETAm

FAEA VTV ORMBIE L OTCER T & A E T3
WE (SEM-EDS 44T : JSM-IT100. HAET ()
TAT > 720 SEM BIZIINEEE S ~ 10kV TTIKE
FHREBIZE L7 SEMBIZICIERILIEE LTH— b
774 »a—%— (JEC-3000FC. HAET (k) %
fH L 30 mA T 90 # M 147575 & & 72, EDS 4047
DBIIHEREE X ITbR o720

KAE Y — MIREE O RS o 2. X AR TR
# (Ultima V. (#%%) V) #278) Tiro 72, Mz
CuKa fizx W CRIMGMEE3 . #TAE60 .
7))y TIE002°. A¥x v YA —F2°/4r. BE
40kV, B 40mA Tlro 7o KHEY — FMIREK D
KM %2 7 — ) TR HOGERE (Spectrum
Two ¥ A7 A A, (BR) N—Frz~x—Tv/80)
W, &FHIES: (Attenuated Total Reflection
% ATR ) TiT»o 720 ALK-G OB % B & -
IRZEBGTHT (TG-DTA 43#7 @ Thermoplus TG 8120,
(BR) V78 TIrolze KRABRET., s
20 K/min T 1000C ¥ CT_L&H & 872,

2.3 BHEBRS DO

W77 > 7 b oA OWE SWM3 Bt 2 (%
RREMEITOWAKRIZY) YR M) oA, eI
NEEOME SR & AL 72 AEH 0 DUV R ) 30 mL
12 Cu-G 030 g J U CuB-G 032¢g % iZi& &, /H
Ly 7uyxr—7%— (NX-ION, (#%) HMEEE) <
50 rpm. 24 BifjIR & ) S BoKBERPICET N
BItF % ICP AT EiE CoMr L 72,

24 #HRHT7S> U0 b

Km (£ 2020 429 B IC R IR A2 & BREL L.
FIRKFHE TP RKENIEL V¥ — 12 CThllREL 72
UKMOOL # &2 i L 720 F /2. Cpld LI KZED S
FEIE SN CP-OIBs A L72e 2ol
Ty R E HCTRE ORI 20C, JLweE
100 umol photons m-2 s-1, PARFEH 14h :10h) L.
INERRBE L T2 ROBERBRICH 72,

25 TS51 U bhikERR

757 b oM % 1000 cells/mL FLEE |12 7%
L 72 B8 2 ks 22 6 well 7L — b (well NEX -
¢ 345 x 172mm) (LUF well 7L — b L E0%) 0%
well 1228 mL 3 2o@ ML () PHC# /7 u—xF %
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2 Cu-G ® SEM-EDS Z3 7t

YN=T,20C T, 4 ¥ Fa~— kL7, 24
%, ZOHH 5 800 ul x FRILL Mgk L O pH %
WELZ. OB well 28R F (lem X lem %
LR wminL. (B &4 7 v 7 8UERIE & ) 5k
T20C. MEEEE 50 rpm TA ¥ F2N— b &7z,
0. 1. 3. 6. 12, 24 Ff [ £ 12 Ot BE 22 8 37 BH i 8
(TS100-F. (#f) == ) CHIfREZBIZ L. 24 I
M IEZ B EE (CX31. (Bk) 41 v /¥R) TH
well OFffE% GRAGHie) B X0 pH #EHIL 72,

3. R -E=Z
31 SR A ABEEH T XM — b DA

X 112 &fE R SEM %% 7~ 3. UNT-G([X 1 (a))
. B ABEOHm L PR REIBETH 5720 —H.

(a) SEM & (b) EDSH#rCu~v Ex 7

T ot

ALK-G (K1 (b)) Tid, MMERME DL SIROFHE
WEALL 720 CuG (K1 (c) ALV SIROILEA HE
FLTBY., CuBG (K1 (d) dEfEHmh o7,

X 2|2 EDS S TSNz CuGDfii~y ¥ vy
G2 R HIFSNHA F 13 H 5 AR 2
— 2L TWD Z DR E N,

B 312 XRD iR AR T WINDOH > Tk
DIEFEORHTH A 7O — P Y — 7 R
&i7ze ALKG (K3 (b)), CuG (3 (¢)). KT
CuB-G (M3 (d) 121%2 0 =296° 4TI A VA b
(CaCOs) ZRI/NES MY — 7 SRS N7z, 2
I, 7 A ) ENZ X ) H T AMGHERIT O A )V
LR ORISR E L ). RO CO: & ) L
7wk EZENLY, UL, BonRER
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(d)
B\ . (©
z . w———y o
[ [ 2K 4
g WWMM& v Aauopebinbiy (i
W, MW‘MAA o oy (a)
0 10 20 30 40 50 60
2 Theta (degree) CuKa
X3 FAEAEO XRD /8% —
(a) UNT-G. (b) AIK-G. (c) Cu-G. (d) CuB-G
@ : 7Y 1 b (CaCO;). @ : unknown
0.02 0
0 4 -10
F -0.02 4 -20
£ z
g-om {1 30 E
2 0.06 | -40
0.08 -50
0.1 -60

0 200 400 600 800 1000

Temp. (°C)
5 ALK-G ® DT-DTA 4H7#& 5

WD EEEIIIERETH D 2 EAVRIBR SNz,

B 412 FT-IR @ 53 #1 & & % 78 9o UNT-G (X4
(a)) 1213924 cm™ 12 Si-OH OWZILY — 7 S &
720 THIZUNTGIZSIO, D& TN T WA T &I
W4z, 7y (ALK-G) 12& ) 876 cm’
& 960 e LIS H 727 ¥ — 7 2SI L 720 876 cm”
& 1470 em M AP OWIL Y — 7 13 C-0 MiFEIREN T & %
TEDOREBEAND T AOEEATEBENTEY
XRD O E —3KF 5, 960 cm™ fFiTIc A SN 5 IR
W — 713 Si-0 (Q2) ¥ixt B fi R B O WL ¥ —
7 CHY . rABAN YT LK (CSH) DARD
RgE N,

SIZEHTRE R 2 IR $, 100TC 25 140 C D
FEPHICE R & WY — 7 DSHERR S N2 2 L A S K
HETHbH I PR SINIZ, fit> T ALK-G 213K
MMDBER SN EZONDL, K1 ~5D8ENL.
ALK-G OFMIZIZIEFE D CSH DR SNz & E 2
SNb. A A > 2 4HFE L 728812 ALKG 2 5 L
TE7BA A+ v RO ALKG (3B S N1 4+ > D
EME - BRI REFELIIRT, #2213 EDS 4
Mg B &k 72 &5k Ca/Si BNV E RS, #1

(d)

(c)

Abs

(b)

(a) e

+

2400 1900
Wavenumber (cm™)

3900 3400 2900 1400 900 400

M4 %K FTIR A2 bV
(a) UNT-G. (b) AIK-G. (¢) CuG. (d) CuB-G

#1 BHITROEEMHR
element elution amount (umol/g)

Ca 40.6

Na 3.38

Si 1.61

B 0.936
Mg 0.845
Cu®™ 186

*Cu-G D Cu B H &

#*2 %o EDS 53t 4

atomic (%)

element
UNT-G & ALK-G Cu-G CuB-G
Ca 11.75 14.72 10.78 12.34
Si 15.66 12.57 14.38 14.67
Ca/Si mol ratio = 0.7503 1.171 0.7497  0.8412

L0, 44> % ALKG IC#HE S ¥ 5 & ALKG 2
5406 umol/g DA NV 7 A A F yiEE L, CuG
121, 186 umol/g DS A & ¥ HHFEE N/ 2D
ENS, BV I AA T A KB T
IR Y 12X 5T CuG IS A F v AHEE S 7
YEZHND, L L CuG D4+ viEE > EH
L7zhanve s ngF v, 260 SN0
A NI A F RBR & X B BT CuG 12
HFEENTWELEEZOBNDL, 22 CCSH O%E N
FpH3~35 LB ENTHBY | BRI H 725
FRSHKER D pH 1L 476 TH o7z &h b, HT Ak
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(a)
1500 — 3
2 +—pH i @
1200 2 2
= ~ = T
@ E I
2 900 8
g ~ ©
E < o O Initial cell number
= 600 2 @ Cell number after 24Hr
o
300 ) 8
© «©
0
Con UNT-G ALK-G Cu-G CuB-G
Samples
(b)
=100
£
~ 80
@
£ 60
3
E
3 20
o
£ o
&
g 0
s -2
S
45 -60
2 g
&
-100
Con UNT-G ALKG G CuBG
Samples
6 24 FEIR O Km OMEOZAL
a
1500 ( )
<«+—pH - = %
1200 § ~ s k& 8~ ] ~
~ 2 o 2
'E ~ ~ 0 ~
o 900
[
2 O Initial cell number
= 600 B Cell number after 24Hr
8 w o
(=} S
300 ) ©
0
Con UNT-G ALK-G Cu-G CuB-G
Samples
()
_ 100
%— 80
2
£ 60
2 a0
T 200
2 o = L
i 0 T L
o
¥ a0
: o
; -80
S _100
Con UNT-G ALKG CuG CuBG
Samples

B 7 24 KR Cp OMlaE o %At

MEREIYA FRACHEL W ZEEZONS, ito
T L DA F E~ A FRHEB L I7H T AR
HICEHBTINICE VSN EZ 2005, o T
CuGIZid. By A A 3t & SHED I IHHEIC XL D
HFF SN2 2O 2 B DA+ ¥ DA
LTwaEEZ 5Nz,

32 T5LU b kERAR

B 6 (2 &5FEA T AMMES — D REIC X D BRI
5 24 K% 0 Km oMK% L (K6 (a)). W
RT3 5 5 24 B 2 O M B o e (K6 (b))
%7579 UNT-G. K OVALK-Gld2 > ba—)L (Con)
LD ARTH 5720 Cu-G & CuB-GlE. 24
BRI A2121% 100% OMIFBIRAD D3RR S 7z,

B 7 \Z&HE 75 AMHE S — MR X B RERBIMG
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100 00

80 80
e v 60
o i
L
© 2 o5
S o]
B Oh Th 3h 6h 12h 24h Oh 1h 3h 6h 12h 24h ¢ Oh 1h 3h 6h 12h 24h
E Con UNT-G ALK-G
5
c 100
= w [ Normal
©

60 Il Abnormal

40 [l Spheroidization

20 o N |

z z ND : No Detected
. Oh 1h 3h 6h 12h 24h Oh 1h 3h 6h 12h 24h
Cu-G CuB-G
Samples

8 BMFERRIIK T %5 Km OMILREDE &

20

Oh 1h 3h

8

8 &8 8 8

0
12h  24h Oh Th 3h

oh 1h 3h 6h
Cu-G

0
6h 12h 24h oh 1h 3h 6h
UNT-G

Cell number ratio (%)
g 8 8§
& 5 8 8 8
8 5 3 8 8

CuB-G

12h  24h

ALK-G

[ Normal
Il Abnormal

12h  24h

Samples
9 JBEEFHICKT 5 Cp OfffRIREDOEIE

b 24 Ko Cp oMifaiozAt (K7 (a). W
MR RT3 2 24 B B oMo (M7 (b))
%75 %o UNT-G M OF ALK-G (213 503 70 0 B i A %)
RDVHERTE D o720 —J. Cu-G KU CuB-G 1Ei#t
BRBALG 2 & 24 BE R ZF 2, 843%. 845 % D
HARIE A HIRERE S L7z

X 8 IZ KN T AMkMEY — N ORFEEERIAT S
Km OMfgIREDOE S %773 Conld. 24 R £ b
IEEMTH > 720 UNT-G. ALK-G Wit d 12,
24 e 2 IS AR S D § 0 CHERR S 7z CuG id
1EERI 1213 35 % 2SERIRILMIAL. 56.4 % A3 25 fd
LD, SIEEMBZICIEETOMEREMILE 72 -

720 12 e[ LIRS A3 52 22 e L 720 CuB-G T
11 R A2 1L 90 % 2SERIRALARAE. 8.6 % 354 kg
Elrolze SRR, BRRAGIABIZ 4%, FE M
Balx 95.7% & 7% o 720 6 REfITRICIE, Mifgld & RS
Ml & 722 0. Cu-G [AlRE, 12 B DRI M AS 58 4512
HEL7,.

X9 & FEH T AfMES — D OFRERER ST 5
Cp OBk DE A % /R F, Con. UNT-G. ALK-G
DHANLIL 24 B 2  Z84b1E 22 < 100 % IEH AL T -
720 Cu-G I 1 EEIT212 30 % 285 MR 1 222 b L 7228,
ZD%IE. BEMigoE &3 Lz, CuBG Tk
1T RERIRICIE 10 % S il & 20 ) . 3 HERIfR 1w
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MR 27 % 288 2 7275, 6 eI C b B ia sl &
AR 2 2p o 720 12 IRefi] 52 [ OF 24 IRg ] £ 0 5250
JEIEENZEN6% & 5UNE S BT L7,

Cu-G K O°CuB-G 5 L7822 o di A 4
VRGN LIEZ A, ENEN, 23 umol/g K Y
15 umol/g O A A ¥ DSk S AL, §il A 4 3HFET F
AAHES — DO A & U ANEH L T, B
FEEPIINIKEOEA + Y DFET L7720, A+ v
LT SN A F 2 D F O A+ SSRBIR 2
L hkFzER SN EEZ LN,

PLEoFER LY A F VRS T A — M
3. Km RO Cp I no75 27 b e LTHM
Rz b S5 ES R 5720 FFIZ. Km i3 6 B
MZIIZ, REMEOEE2100% &% 0. Z Dk,
TEMEER LI e, f4 4 VHEET T Ak —
MIZIE Km it L CHELRRENRDID 5 L E 2
Hi7ze Cp Tl 24 FER 212 80 % LI > Ml fu £ o i,
AHFRD BTz AN, IEEMIIEAY90 %U< & DT
Too SAA T VISR EORKBENEDND B Z L HH
SNTWE ™ 23 $iA F 2K 52 MIE. Km
ECp TERLRDLIEDVRMEIN, LELEDH, §l
A F Y OEMPRER SN2 L, A4+ VHEET
T AMAEY — N EFBRTHEH TS LI3ET L%
<L PgHE R ECREMIHER T2 2 2L TH S
LEZLND,

4. #®E

(1) 7T AfkHE% KERILF DY 7 A CRES 2 &
H T AMHERICIESE D 7 A B AV 2 w7 2K
Y (CSH) 25T & 7z,

(2) T AWHENDHA F > ORI, 1 F v 5
W LSBT IBBICI 20 E L 5N,
(3) A+ VAT T AHE — 2T T b
T LT 24 BRI, Km 13/ B 0% 90 %
DB L, 2oy 4 COIEF NG AT B M2

AL Ui ic e iy L7z,

(4) $iA 4 VR T AWM - V2T b
ZHRFE L C 24 B 201213, Cp 13 A %5025 80 %
PLEGA L72A, SEfia i 6 % LT TR 1
AR TH - 72

(5) $iA F VAHFET T AME S — b & B HUKE T
WA 5 &, BEEEPICEA 4+ U2 L-2 L
Mo, LA F BB T 7 P UITKRE
CBR B2 -2 O5NDL05, 4 F D
ZMid, Km & Cp TRALZ EAURIBENT,

SHEE

AWFE 2 TS 5125720, C. polukrikoides HEEED
CP-OI-35 k% #4 L T Wz 72 W 2 U KA B2 7E be B
[ RE S 1 e ) L= == S = S

SE

1) RMIKEEE HP. MEHEHL DB/ KESE, il
TS AR E A AT A AT

2) WEERBR HP. Ik 30 4F ~ 41 Jo 4F 1Y [ R A
IKEERE TS, 55 12 38

3) FREHP. 2 OO OKERET HP, 5 #2583 (A,
FEMAR) (1) FHHAFEO AL, MEEFRNE A O AL
(WAFIT 46 4 ~F 1 30 47)

4) FIETHEEW | BMOKEE 25 U0 SRS, 1
ehime-marukajiri,jp

5) Bt a rF oy, FHRICBIT 2 BEEHIZOW
C. suisan-innv.jp

6) FRBMERBFMAEESGS REREHESE TIHE
HIlL SRR O2GEZE L KBRBES £ K 5 HREIZOW T,
4=, FH3LHFE1H10H

7) 74, A NHEOEEEDRIEIT P, www.zkai.cojp

8) AI—HB, LI AR AEEE ST 7
DOFHF Advances in Harmful Algal Bloom Research.
FRA S EEHEAERM, 2016452 A 10 B WKL 1 Rl
FEAT

9) H@MEK, EHFL L REFELE, [ STAGE, BEIRHIN.
20 % 12 5, 770774, 1991

10) ZIRIE HP. TR CoA L72R#IC & 2 ifsEm s
DWC, HERWT 77 b v o6

11) G IF—00, IR &R, £ 5 2 A$ 79, 1017,
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Industry and Culture of the Skipjack Tuna in North Area of AMAMIOSHIMA-island,
KAGOSHIMA Prefecture: Regional Monograph (7)
by "Gyoshoku (Dietary Education concerning Fisheries)"
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KL, Ay A e fbafie U<, B oA 5, ZOMEE L Lz BIEMICIEER L, 220,
WEWZRME 2179 22 HMET 50 BRIV HAADBALTIZB W TEHELZAEO—2>TH LNV + D&
() oW (BR) TToO7uL AT 2L RMICOIT 2 2 EARRLORDLNVE LD, 4
M, 71y A=K DAL BATH>72) BREBRERKEIE BT L KN ofigt /) 77
ZIZELT, 720 [ExLa<] @) 5 [ ICERZECERZHAZ. BERBILHOWE 5. 7
VAW, HEOKESEIC B W TEHELRERZ RIS 2 £ & 512, SRR EE 2 liE 2> b o L AER

FTois,

1. FUHIC
BROBAEEZIZBCT, A2 LB, A
KED ERLTA T AT ANDERLR EIZE>TK
ELBLL-S D0, S RENIALOND, [H
RINEAE ] B LOOH 5 20T, BEOLLRE
ZIZELTEED. BOH ) HLMbh, &ZIZEDbS
BEDVPEHR SN TN L, 7, KEERLHAIINT S
EROHR & B0 x D 572012, FRES 2 EICB
WCKEEIZ RIS B KRB R O R ILTEATK D H 1
bo F72. WERBIKEWOREMS S BN, £
LT, EFOHEMED EHR SNC, Ebily o, M
TDER 72 12X B IO KERBIT A S RFREE
o TWh, DL HRESEENS ., Mk EER
HAHHIEICER L-EFTE LT, BENBKENES
[Ex LI LHE] Ot & ERITEERIG & A7 E

fFirens. Y

(& LxHEF] ORGICES 28/ %5712
T RESCTIR. HAKESEOH LI 2 AfEo—>
Thh, F/o. HRAOEAE TR R LA TH 5
HITDBRNRER D, Y FOFEFEEALIZE L T,
ARSI SRE (B Z2IAA 0 ) & stk (M
RINHIY ) OWFZET 71 —F 7 & BRER 7 3048 2 HE ik
L CHRAEINRRE 2 BT 5. S bbb, AV FD
A () 2»0HE (BE) LEL7—-FYATA
DFFEIZOWT, MELRGITEAT) o AL TIX. B
BEEOEEKEITIAIE S L ET & KAk = F
Bl LT, 720 [ExLx<] oob [k 12K
MAEWT, BV FOEEE ALICE T 2T 7 7
I 72 & o THREW IR A b
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2. PRRRELTD7 2D [F&UL &KL

(1) 720 [Ex L &< ] OBE

[Xr L s <&EE] X, 2005 CPRL17) FI8EES
DIRELBEW L KEREE TH D, Tt &
FRERFIZD EOCEFHEME, 2L T HHEILAD
TOOREER A RS LB ESIT S NS Y
[Erx LiL#HEF] HEOT/-2MEE32H L, 56
112, IO %2 2FEICE W T, MBICHEET 5
RRKFEMLYE, HIOAHE L2 EITIETH
Bo 21T, JEROBAE R RKEIRE LR T 2
BG, @EROFTELLIZET oy T N &
LT IExLiLHFB] 2RRLTHATLZLTH
Bo 55312, FRFREE T KA SR 2 L
5. KFEEICH L CTEEISHEE T — 2 VIR
L., 7= FY A7 A a2 A AATHIRT A2 LT
H5bo

UL HTIEXLEL] EERRETHIET, HIZ
[FE] 20T T7T20 [Ex L i) ELTA
OEFEPSMT., JdE. W5e. HE., bEFTELLD
BEREEOONL, LT [ TxLi<&HF] A
IZEOobbrHEREMRT L VBRI, KRIT, 2o,
BhEMICIRTE 2, [FxLx<] OFBKRIZTON
T 50 5 112, AOMMIEE 2 SMAICEEMN S
KEREE O Tl 55210, MOBEPHEEL V-
T2HASRONEICET 252E TH L [l 8312,
AOEERTMATIE, IARREL A7 E O [k,
B4, WINEMEICHT2¥ETHL (A, 5
512, MEEZEORMIGEE 2 CRESE O [fHlE], %
612, MM b B Th D [Haflil. 5712,
Wi TG SN AoREYAET 2 [kl Th
Bo LIzoT [Ex LxLHF] & Mafil] 25
[faffi] $CT—HWO¥E IO AE/ET, ] 12FH
LD oTV5SY

(2) [E£ L& <EBE] D2 o0%R

[Ex LILHEF] OREIHBIIBTHEHE
LHEEGHTHALND,

BESH TR, [Fx L LHF] . oH%F
T b8 Ui 2 e 2 Wl Rl L ¢ #ldaE ko
g, MIBOBE N IELTE S, £ LT, Mot
KMRZEOLOEENIT S [Ex L CHE] L.
[ HREE | & L COKEE L i EEH O L
MHRETH Do B L EEEREIHBEHEICLD ., H#d
BOMER AL EREW ., o, BHICHERET 52
ESUTREIC Do £ LT, T b OMBEILRIEIC S
EELF[E s LeKEF] &, Tl zofRiES
WZHIE O B X 220D TRIV T, M~ DOEERED
WIS DT AT 74714 REERC L. KEEL H#

WA SEEET AN RIZEE R V1D,
EESTFTIE, [ErLi{HF] Otz L b,
REARBLZ T 72 % I R ESHFTE 5, [E &
L& CEEL I, WAL & ARREREL 2 3E 3 2 HL
MEATEAHT S, KER~O Y —) & LCHiigics
VA EERBOIRG L b, £ LT, o3>
TVl OERAEE o TEF M T T v FH RS
TE&, HHZ0 D275 Medrz bicky, #
WOBHO N IZo%hh s, [Ex L xL#HEF] L.
HWIOKEW O 75 >~ FLiZBWT, BE S &)L
ASh, Wi 5 P REEOTE TR, M7 I~
FEHI T T v N EREA IS HE D A BSICHE L E %
RI=EDLDITTH S,

3. sEtR

wEKBIX, WO HEEICH D, EIEET &
MABOIZIZFMICAET A2 RERS TH LM ET
Hb.Y ITHHICHEEBRIIET 2EEKEIL, BE
M (2006 (FFR%18) 4EIZ4HETH & AT, FHA O
L 2K 5&0F) . BESRIT. KA. A, AN
Moo 1T 2 0] 2K TR S L%,
ETOHLETIZERBRERKEXTZIE LD, H
RLIEOITEHRERIIIN 2 T, Wit OETH & % > THHE
DOV SEE L, BEHELERORFEO P L
o TWb, F72, BEHBHE—OEZRECTHOXL
MIOTH 24T, BEMROMASLELL, 3T
D FFREIN— A DFRTE MBS RP AT O i 7 &
BRI ENTE 2, 20X ) IZIA%ET %
T HHENIE, BERKBOBUARRET. 38l O HHK
ThbeEbio, ZBFELDICHERENHBEOE 2R
REOHTHTH D"

KL Tld, BERBEOHBMEE LT, #HF, H
Sy BESR, SCAb. FEED 5 HASEBL TH LY
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Abstract

Forest biomass can serve an alternative energy source, and its use could lead to the conservation of
forest ecosystems and increase the carbon sequestration potential of forests. These are termed positive
externalities in economics, and have prompted considerable interest in the supply potential of forest
biomass and the socio-environmental impacts of forest biomass usage. However, almost all the existing
studies on the costs of forest biomass usage have analyzed the fixed costs of forest biomass in various
locations with substantially divergent results, often rendering the image that the cost of forest biomass is
too case-dependent on analysis and analysis could be meaningless. This, in turn, has discouraged accurate
calculation of the biomass usage potential of forests.

To fill this knowledge gap, the present study puts forth a novel proposition regarding the meta-analysis
of forest biomass usage cost as a distribution, rather than a fixed cost, using a Bayesian meta-analysis.
This is illustrated by estimating the cost of harvesting forest wood biomass in Japan. Estimating the cost
of forest biomass usage as a distribution can more accurately update the current cost information of forest
biomass. It would also be informative for predicting the cost of forest biomass in various locations across
Japan, where forest biomass costs have not been analyzed because of lack of data.
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1. Importance of estimating the costs of forest
biomass utilization as distribution costs

The utilization of forest biomass, such as low-
quality logs and residues from cutting and thinning,
has positive social and environmental impacts.
Forest biomass can serve as a promising alternative
energy source, and its use could lead to the
conservation of forest ecosystems and strengthen
the carbon sequestration potential of forests.
In economics, these are referred to as positive
externalities, and have generated considerable
interest in the capacity of forest biomass utilization
(i.e., the supply potential of forest biomass) and its
socio-environmental impacts (Buongiorno et al.,
2003; Coban and Eker, 2014; Ince and Buongiorno,
2007; Lauri et al., 2017; Moiseyev et al., 2011;
Raunikar et al., 2010; Wit and Faaij, 2010).

Economic analyses of forest residue-based
biomass usage have been limited until recently,
and most have focused on cost analysis, as many
developed countries have faced high costs for forest
wood biomass utilization (Accastello et al., 2017;
Bjornstad, 2005; Hudson and Hudson, 2000; Joutz,
1992; Nakahata et al., 2019; Yoshioka et al., 2011)".
However, the number of recent studies is still scant,
and few international studies have briefly analyzed
the costs of forest biomass utilization in Japan.

Kamimura et al. (2011) estimated long-term
supply curves of forest biomass in Japan. This study
estimated the marginal cost of forest biomass as
14,000 JPY/ton, which is the payment received by
the supplier of forest biomass without profits. The
analyzed supply curves were derived using the unit
fixed costs of biomass collection and transportation,
and the costs of 12 cases conducted in a feasibility
study project in 2007 were referenced. Yamaguchi
et al. (2014) also analyzed the total supply costs
of forest biomass to estimate the annual supply
potential and availability of forest biomass in a
Japanese prefecture. They used the unit costs of
labor and machines.

These studies from Japan are complex and
case-specific because the cost of forest biomass
utilization varies depending on the following: area-
specific forest topography, forest management
practices, investment in machines, e.g., new residue
compaction systems (Hudson and Hudson, 2000),
the scale of the operation (Nakajima and Sawa,

2011), logistics factors such as whether and how
long and wide forest roads are prepared (Sawaguchi,
19964a, 1996b), and the amount of biomass collected
and transported. The limitation of previous studies
was that they assumed fixed coefficients for the
unit harvesting cost and unit transportation cost
variables. In fact, the heterogeneity of costs greatly
influences the results of realistic analyses of forest
biomass potential, and could be the reason for the
limited number of studies on supply curve analyses
of forest biomass. The distribution of varying costs
in the Bayesian framework rather than fixed values
could be a step forward.

Matsuoka et al. (2021) and Battuvshin et
al. (2020) estimated the medians and ranges of
harvesting costs for different forest operation
systems, including felling, bunching/winching/
yarding, processing, forwarding, and strip road
networks. The results of Matsuoka et al. (2021)
were consistent with those of Battuvshin et al.
(2020). The estimates as ranges of values are more
informative than the fixed cost approach; however,
studies included costs for strip-road construction,
which is a significant improvement, but rendered
them rather incomparable to other studies.

The present study aimed to estimate forest
biomass utilization in Japan as variable costs
rather than fixed costs by estimating harvesting
costs using a Bayesian multilevel meta-analysis.

Through a comprehensive search of the database,
we collected 51 study points from Japanese journal
articles and gray literature, in which researchers
or implementers analyzed the supply costs of forest
biomass. These studies do not estimate opportunity
costs as exact as economic costs; however, meta-
analyses using these studies are expected to be
informative and possible.

This cost is not an equilibrium point, which is
the last unit of marginal cost, where profits are zero
but could be lower than the market price (profits
are positive) or higher than the market price (profits
are negative). However, this study provides an
accurate update of forest biomass cost to estimate
the supply potential of forest biomass, similar to
the study conducted by Kamimura et al. (2011). In
addition, the estimation of the cost of forest biomass
usage as a distribution would be informative for
predicting the cost of forest biomass in various
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locations across Japan, where forest biomass costs
have not been analyzed because of lack of data.

2. Utilization and costs of forest biomass

Japan is a forest-rich country, and thus, forest
biomass such as charcoal and firewood have been
the major energy sources in the past; currently,
there is a renewed interest in using forest biomass
for energy usage. Forest biomass is utilized for
energy first by harvesting (sometimes including
cutting), transporting and chipping, and sometimes
making pellets. The cost of utilization of forest
biomass is the sum of the costs of these individual
processes.

It has been argued that the potential of forest
biomass for energy usage is limited in Japan,
mainly because of its high cost. However, the
cost of forest biomass remains unknown in many
areas. For example, there is no peer-reviewed
analysis of the cost of forest biomass in the Ehime
Prefecture. In addition, in areas where analysis has
been conducted, there have been diverse results
regarding the costs of forest biomass usage, which
have often contented practices with the treatment
of costs as unclear and intractable.

3. Definition, material, and methodology
Definition of wood biomass

Based on international literature on the wood
economy, forest wood biomass or primary wood
products are usually defined as roundwood (e.g.,
pulplog, sawlog, other industrial roundwood, and
fuelwood) and logging residues. Logging residues
include branches, stumps, and harvest losses
(stemwood that is unsuitable for material use).

Material

A comprehensive search for relevant journal
papers published after 2000 and written in both
Japanese and English was conducted on Google
Scholar, using keywords such as cost, supply,
economics, wood, forest, and biomass. A web search
on Yahoo and Google was also conducted to find
relevant gray literature.

The literature collected in this study is
presented in Table 1. There were 51 data points,
including 26 from journal papers and 25 from gray
literature, from 31 different studies. The average

cost of harvesting forest biomass and its standard
errors were 5308 JPY/wet ton " and 2955 JPY/wet
ton, respectively. Sixteen percent of the data points
included transportation costs in the cost estimates
and twelve percent utilized the market price for cost
estimates. The average amount of biomass was 708
wet tons. Fifty-nine percent of the data points used
yarders or forwarders for harvesting. Most of the
studies were conducted in the Chugoku (28%) and
Chubu (18%) areas on the main island of Japan.
The average publication year was 2011. Forty-nine
percent of the data points were published in the
gray literature. All cost estimates in the studies
were fixed-point estimates and no standard error
values were reported.

Methodology: a Bayesian multilevel meta-analysis

Many previous studies have estimated the cost of
forest wood biomass under different assumptions in
terms of location, years of measurement, breakdown
of costs, amount of forest biomass collected, and
harvesting technologies. Some studies have utilized
market prices rather than costs. These population-
and between-study (group-level) differences
should be reflected in the analysis. Meta-analyses
(Hartung et al., 2008) enable formal mathematical
combinations of information to merge individual
data into a joint result (Réver, 2017).

In meta-analyses, independent primary studies,
instead of individual data, form the fundamental
units of analysis (Harrer et al., 2021). We used a
random-effects pooling model (Cuijpers, 2016) of
the meta-analysis by assuming that the population
effect size is normally distributed (Schwarzer et al.,
2015) and estimated the mean and variance of this
distribution of true effect sizes. The random-effects
model focuses on small studies when pooling the
overall effects in a meta-analysis (Schwarzer et al.,
2015).

In particular, this study used a Bayesian
multilevel model with standard errors for the
meta-analysis (Biirkner, 2018; Harrer et al., 2021;
Higgins et al., 2009). In the model, the response
cost through the linear combination 7 of predictors
is transformed by the inverse link function f,
assuming a certain distribution D (family’) for Cost.

Costi~ D (f(5i), 0)
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Table 1. Studies analyzed for the Bayesian multilevel meta-analysis

Area

Data Stud Cost Transportat- Market Biomass  Yarder/Fo- _ _ Publish Gray
point uey (JPY/wet ton) ion cost=1 price=1 (wet ton) rwarder Hokklaldo Chugo lku Sh‘k()]l(u Chulbu KyuTyu Year =1

Mean 5,308 0.157 0.118 708 0.588 0.078 0.275 0.098 0.176 0.059 2011 0.490

Standard deviation 2,955 0.367 0.325 668 0.497 0.272 0.451 0.300 0.385 0.238 2.575 0.505
Max 12,000 1 1 2,274 1 1 1 1 1 1 2017 1
Min 575 0 0 13 0 0 0 0 0 0 2004 0
1 1 4286 0 0 NA 1 0 0 0 0 0 2012 0
2 1 3660 0 0 NA 1 0 0 0 0 0 2012 0
3 1 4286 0 0 NA 1 0 0 0 0 0 2012 0
4 1 2081 0 0 NA 1 0 0 0 0 0 2012 0
5 2 4500 1 1 NA 0 0 1 0 0 0 2017 0
6 2 5000 1 1 NA 0 0 1 0 0 0 2017 0
7 3 5282 1 1 NA 0 0 0 0 0 0 2009 0
8 4 4366 0 0 NA 0 0 0 0 0 0 2009 0
9 5 9495 0 0 NA 0 0 1 0 0 0 2004 0
10 6 1200 1 0 NA 0 0 0 1 0 0 2016 0
11 7 7000 1 1 NA 0 0 0 0 1 0 2017 0
12 8 4255 1 0 NA 0 0 1 0 0 0 2012 0
13 8 10800 0 0 NA 0 0 0 0 1 0 2012 0
14 9 4813 0 0 NA 0 1 0 0 0 0 2008 0
15 9 3052 0 0 NA 0 1 0 0 0 0 2008 0
16 10 2690 0 0 511 1 0 0 0 1 0 2011 0
17 10 3081 0 0 511 1 0 0 0 1 0 2011 0
18 11 1761 0 0 682 1 0 1 0 0 0 2012 0
19 12 2000 0 0 NA 1 0 1 0 0 0 2011 0
20 12 900 0 0 NA 1 0 1 0 0 0 2011 0
21 13 12000 1 0 NA 1 0 0 0 0 0 2009 0
22 14 800 0 0 NA 1 0 0 1 0 0 2015 0
23 15 6667 1 0 426 1 0 0 0 0 0 2016 0
24 16 5925 0 0 NA 1 0 0 0 1 0 2007 0
25 17 4919 0 0 405 1 0 0 0 0 0 2011 1
26 17 4482 0 0 698 1 0 0 0 0 0 2011 1
27 18 4079 0 0 149 1 0 0 | 0 0 2011 1
28 19 575 0 0 1,891 1 0 0 0 1 0 2011 1
29 19 824 0 0 1,874 1 0 0 0 1 0 2011 1
30 20 4895 0 0 1,741 0 0 1 0 0 0 2011 1
31 20 4989 0 0 1,113 1 0 1 0 0 0 2011 1
32 20 4895 0 0 288 1 0 1 0 0 0 2011 1
33 20 5235 0 0 993 0 0 1 0 0 0 2011 1
34 21 8067 0 0 13 1 0 0 0 1 0 2010 1
35 22 8334 0 0 826 1 0 1 0 0 0 2010 1
36 22 6573 0 0 707 1 0 1 0 0 0 2010 1
37 22 2934 0 0 186 1 0 1 0 0 0 2010 1
38 23 4135 0 0 34 1 0 0 0 0 1 2010 1
39 24 7175 0 0 2,192 1 0 0 0 0 0 2010 1
40 24 5493 0 0 2,274 0 0 0 0 0 0 2010 1
41 25 5282 0 0 68 0 0 0 0 1 0 2010 1
42 26 8738 0 0 865 0 0 0 0 0 0 2010 1
43 26 11374 0 0 483 0 0 0 0 0 0 2010 1
44 27 9813 0 0 245 1 0 0 0 0 1 2010 1
45 27 4543 0 0 38 1 0 0 0 0 1 2010 1
46 28 7614 0 0 219 0 1 0 0 0 0 2010 1
47 28 3112 0 0 345 0 1 0 0 0 0 2010 1
48 29 10799 0 0 545 1 0 0 1 0 0 2010 1
49 29 9584 0 0 204 1 0 0 1 0 0 2010 1
50 30 3000 0 1 NA 0 0 0 0 0 0 2015 0
51 31 9347 0 1 NA 0 0 0 0 0 0 2016 0

Where € is a family specific parameter, which is
the standard deviation ¢ of the normal distribution
in our model. The linear predictor is expressed as
follows:

n =XB +Zu

Where £ (fixed effects) and u (random effects)
are coefficients at the population and group levels,
respectively, and X and Z are the corresponding
design matrices. In our model, both X and Z were
intercepts (both population- and group-level effects

include intercept) . One of the largest between-
study (group-level) differences for intercept was
generated by the different measurement units

of costs among the studies (JPY/ton or JPY/m?

and the conversion rates between tons and m”.
We used a conversion rate of 0.85 ton/m®, which
was the average conversion rate of four cases in a
feasibility project. The mean and standard error
of the costs in the sample were used as priors for
the population-level coefficients for the intercept.
However, some researchers have argued that a
conversion rate as small as 0.35 ton/m® should
be used (Kamimura et al., 2011), and between-
study heterogeneity was adjusted by adding the
corresponding error to the standard deviation of
the group-level effect of the intercept coefficient.
The Bayesian model has several practical
advantages over frequentist approaches (Harrer et
al. 2021; Réver 2017;). In particular, the Bayesian
model produces full posterior distributions for
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parameters, which calculate the exact probability
of whether the parameters are smaller or larger
than specified values. The brms package (Biirkner,
2017) was used to fit our model. The brms package
implements Bayesian multilevel models in R using
a probabilistic programming language, Stan.

4. Results

Five thousand iterations and 2500 warmups
were set in the Bayesian multilevel meta-analysis.
The Rhat values were 1.00 for the standard
deviation of both intercepts (group-level and
population-level effect) suggest that posteriors
converged. The estimate of the population-level
intercept was 5360, and the credible interval for
intercept was 4343 — 6357, meaning that at 95%
probability, the coefficient of intercept was in the
range of 4343 — 6357. The standard deviation of
the group-level intercept was estimated to be 2218,
which was much larger than the estimated error of
the population-level intercept, which was 511.

5. Discussion and conclusion

Heterogeneity between studies: the group-level
standard error of the cost of harvesting was much
larger than the population-level deviation. The
reasons for the divergence between studies were
unclear; however, more recently published studies
had a slight tendency toward lower costs.

The implications of the present study are limited
to the long term. For example, harvesting costs
could differ in the middle run if discarded forest
biomass has been corrected and new biomass
can only be harvested after logging. Harvesting
costs could also differ in the long run if forest
management changes or if new forest roads are
constructed. However, this Bayesian meta-analysis
could serve as a more accurate basis for future
estimations of the forest biomass potential in
Japan. In addition, we propose cost estimation as
a distribution rather than a fixed cost, which could
provide a more accurate manifestation of inherently
diverse costs in different areas. Moreover, such an
estimation can be used to estimate the cost of forest
biomass usage, although no cost estimation has
been made because of lack of data.

References

Accastello, C, Brun, F, Borgogno-Mondina, E (2017)
A spatial-based decision support system for wood
harvesting management in mountain areas, Land
Use Policy 67, 277-287.

Battuvshin, B, Matsuoka, Y, Shirasawa, H, Toyama,
K, Hayashi, U, Aruga, K (2020) Supply potential
and annual availability of timber and forest biomass
resources for energy considering inter-prefectural
trade in Japan, Land Use Policy 97, 104780.

Bjornstad, E (2005) An engineering economics approach
to the estimation of forest fuel supply in North-
Trondelag country, Norway, Journal of Forest
Economics 10(4), 161-188.

Buongiorno, J, Zhu, S, Zhang, D, Turner, J, Tomberlin,
D (2003) The Global Forest Products Model, San
Diego: Academic Press, Elsevier, 301 pp.

Biirkner, PC (2017) brms: An R Package for Bayesian
multilevel models using Stan, Journal of Statistical
Software 80(1), 1-28.

Biirkner, PC (2018) Advanced Bayesian multilevel
modeling with the R package brms. The R Journal 10
(1), 395-411.

Coban, HO, Eker, M (2014) A hierarchical approach
to estimate spatially available potential of primary
forest residues for bioenergy, BioResources 9(3), 4076-
4093.

Cuijpers, P (2016) Meta-Analyses in Mental Health
Research: A Practical Guide, Amsterdam, the
Netherlands: Pim Cuijpers Uitgeverij.

Harrer, M, Cuijpers, P, Furukawa, TA, Ebert, DD (2021)
Doing Meta-analysis with R: A Hands-on Guide, Boca
Raton, FL and London: Chapman & Hall/CRC Press.

Hartung, J, Knapp, G, Sinha, BK (2008) Statistical
Meta-Analysis with Applications, Hoboken, NdJ, USA:
JohnWiley & Sons.

Higgins, JPT, Thompson, SG, Spiegelhalter, DJ (2009)
A re-evaluation of random-effects meta-analysis,
Journal of the Royal Statistical Society: Series A
(Statistics in Society) 172(1), 137-159.

Hudson, B, Hudson, B (2000) Wood fuel supply chain
in the United Kingdom, New Zealand Journal of
Forestry Science 30(1/2), 94-107.

Ince, PJ, Buongiorno, J (2007) Globalization and world
trade, Chapter 13, in Adams, DM, Haynes, RW (eds.),
Resource and Market Projections for Forest Policy
Development: Twenty-five Years of Experience with
the US RPA Timber Assessment, Springer, pp. 419-

_51_



=
5
>{.
&
—
o
>
my
s
paiS4
g
i
>

447, 589 pp.

Joutz, F (1992) Biomass fuel supply: A methodology for
determining marginal costs, Bioresoure Technology
39, 179-183.

Kamimura, K, Kuboyama, H, Yamamoto, K (2011) Wood
biomass supply costs and potential for biomass energy
plants in Japan, Biomass and Bioenergy 36, 107-115.

Lauri, P, Forsell, N, Korosuo, A, Havlik, P, Obersteiner,
M, Nordin, A (2017) Impact of the 2°C target on global
woody biomass use, Forest Policy and Economics
83(3), 121-130.

Matsuoka, Y, Hayashi, U, Shirasawa, H, Aruga, K (2021)
Supply potential and annual availability of timber
and forest biomass resources for energy in Japan,
Environmental Sciences Proceedings 13(1), 15.

Moiseyev, A, Solberga, B, Kallio, AMI, Lindner, M (2011)
An economic analysis of the potential contribution
of forest biomass to the EU RES target and its
implications for the EU forest industries, Journal of
Forest Economics 17(2), 197-213.

Nakahata, C, Aruga, K, Saito, M (2019) Numerical
examination of the optimal bucking method to
maximize profits applied in Nasu Town, Tochigi
prefecture, Japan, European Journal of Forest
Engineering 5, 1-10.

Nakajima, T, Sawa, Y (2011) Hyogono kokuyurin
niokeru kambatsuzai no hanshutsu heno torikumi
nitsuite: Rinchi zanzai no hanshutsu o jitsugenka (in
Japanese), (in Japanese), Wood industry 66 (3), 117-
120.

Raunikar, R, Buongiorno, J, Turner, JA, Zhu, S
(2010) Global outlook for wood and forests with
the bioenergy demand implied by scenarios of the
Intergovernmental Panel on Climate Change, Journal
Forest Policy and Economics 12(1), 48-56.

Rover, C (2017) Bayesian random-effects meta-analysis
using the bayesmeta R package, Journal of Statistical
Software 93(6), 1-51.

Sawagushi, I (1996a) Studies on forest-road evaluation
and forest-road standards in mountain forests(I)
- Characteristics of parameters for forest-road
evaluation, Bulletin of Forestry and Forest Products
Research Institute 372, 1-110.

Sawagushi, I (1996b) Studies on forest-road evaluation
and forest-road standards in mountain forests (II)-
Determination of forest-road standards by forest-road
evaluation-, Bulletin of Forestry and Forest Products
Research Institute 372, 111-160.

6K 25 2022

Schwarzer, G, Carpenter, JR, Riicker, G (2015) Meta-
analysis with R, Springer International Publishing.
Wit, M, Faaij, A (2010) European biomass resource
potential and costs, Biomass and Bioenergy 34(2),

188-202.

Yamaguchi, R, Aruga, K, Nagasaki, M (2014) Estimating
the annual supply potential and availability of timber
and logging residue using forest management records
of the Tochigi prefecture, Japan, Journal of Forest
Research 19, 22-33.

Yoshioka, T, Sakurai, R, Aruga, K, Sakai, H, Kobayashi,
H, Inoue, K (2011) A GIS-based analysis on the
relationship between the annual available amount
and the procurement cost of forest biomass in a
mountainous region in Japan, Biomass Bioenergy 35,
4530-45317.

Yukutake, K, Yoshimoto, A (2001) Cost analysis of
timber production from domestic resources, Journal
of Forest Planning 35 (2), 75-80.

Endnotes

i In Japan, a large amount of artificial forest planted
in the 1960's is becoming ready for harvesting, but
the operational costs for forest management is high,
and sustainable forest management has become a
challenge (Yukutake and Yoshimoto, 2001). In this
backdrop, forest biomass has not been well utilized
and is often left in forests (Kamimura et al., 2011).

i1 Whether wet ton or dry ton were used as a unit was
not articulated in most of the studies; however, if
there were no expiations, the unit was assumed to
be wet ton unless expiations about drying biomass
was not mentioned in the studies.

ili  Our meta-analysis included different assumptions
as explanatory dummy variables for population-
level effects. At first, in X we included the variables
“Transport” (cost estimates include transportation
cost), “Market” (market prices are used as costs
of biomass), “YarderForwarder”(yarder and/or
forwarder was used for harvesting), “Hokkaido”
(forest biomass was harvested in Hokkaido),
“Chugoku” (harvested in Chugoku), “Shikoku”
(harvested in Shikoku), “Chubu” (harvested in
Chubu), “Kyusyu” (harvested in Kyusyu), “Publish”
(published year of journal articles), and “Gray”
(published year of gray literature) as well as

Intercept. We utilized weakly informative priors for
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population-level coefficients, which reflected prior
information on their signs by setting the locations
and scales of normal distribution if signs were
expected based on the literature. However, when all
the explanatory variables (X and Z) were included
in the estimation, all coefficients ranged from
negative to positive values, which means they were
insignificant. In contrast, when a linear regression
model including all the explanatory variables was
estimated, Intercept, “Publish,” and “Gray” were
significant. However, no coefficients of a Bayesian
model that included only these three variables were
on the same signs in the 95% credible interval,
which means that no coefficients were significant
at the 95% level, although Intercept and “Publish”
were comparatively more significant than “Gray.”
When a study was published a year later, there was
a slight tendency for the harvest cost to be 129 JPY/
wet ton lower. Therefore, Intercept (and its group-
level deviation) only model was estimated using

Bayesian multilevel meta-analysis.
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Estimation of Tomato Fruit Firmness Based on Surface Autofluorescence:
Cumulative Temperature

Keiji KONAGAYA (Industrial Innovation)
Noriko TAKAHASHI (Graduate School of Agriculture)
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Keywords: tomato, firmness, autofluorescence, degree day, surface-internal relationship
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£

MY MO EmEREER S ETEELMETH ) W2 IR HE T E T EEBIZOHTSE
%o HIIE, 1T OIRMEGE & AT LAl 2 IR O WG 3 TIRHEEH O 5 2 FIFFIZFFC & 50 ABFZET
&, b b [ AH409] & B 360 nm JFhe O HEOIEREE A S REMELZHEET 5 2 & ZMET L7z IR,
mAE% 10, 17, 26CIZisE L, MERHEOZLZ {IE L7zo 21 Hig, W OB Z X, LMD 5 R
W2 HEE T 2 720 OB RIER (HEIFREL0.73) 23720 Bihh, KO HOE & WO FGIETFM L T2qb
LTHEY, SN ) RESEOMESRMOHEIZ L VHETE 72, S 512, BURARITIREIZ X 5§ L,
AU, REEE L HOCIREOW S TC R EMWFE L L-EREREOBBTEIL L2 2563 L, 2nb
OHEIE, P~ POBERFECHEOTFHIISHTE 2 W RMEDTS %,

Summary

The firmness of tomato is an important quality when considering the shelf life, thus non-destructive estimation of
the firmness is important to control the quality. Autofluorescence photography can instantly evaluate a wide range
of objects by using a cost-effective image sensor when it is compared with other methodologies. In this study, we
tried to estimate a fruit firmness based on the autofluorescence excited at 360 nm of the tomato cultivar ‘Rinka 409’
as an example. After harvesting, the temperature was set at 10, 17, and 25 °C, and changes in the firmness and the
fluorescence were recorded. Twenty-one days after the harvest, the relationship between the two was investigated, and
a linear regression model was obtained to estimate fruit firmness from the autofluorescence (» = 0.73). During ripening,
the surface fluorescence and the sectional fluorescence simultaneously changed, providing the physiological base of
this model. Furthermore, the regression holds regardless of the temperature, in which both firmness and fluorescence
changed as a function of cumulative temperature ( z.e. thermal time) with a biological base temperature of 7 °C. These
findings provide a new way to predict a shelf life and quality of tomatoes in the agricultural filed.
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1. B8R

P~ MEIHAEZT TR CHR TR G L AR S
NTWLHFE (EEN—2Z) O—>2Ths (FAO,
2022 ; BMOKER, 2018)s F7/-. b Mid. RFH
DWFFEIZBWTET NV E LTHbil, M~ FORHIRS
B2 0B FICHISH SN D 2 IS hTw
% (LT, 2009) .

EZAHT, HARD b~ M OMMEYCld. BRI K
WTed &, BRRE S, Bl EICEDTERREA
PEL EHES, 20060 2O &, EISH T —MHI{E
PR SN, PEOHEN L SNL, M~ NOFE
X, HLoOEEGICL ) ERSN, &S RE~DZAL
AKX %0 LD B EOB\BHIE, 7T —
W TIZXBITE 2 \vs, HOGERZ ) & [XBITX
% (Konagaya et al, 2020a). #D— 5T, {HHEE I
42 OMEZD 72 WGELH D TEI. mEE,
1) a2 ¥ (Takahashi et al, 2018). & GABA % 4%
e LzBEmdE Ve 29 LIALERS % A5 121,
Gy - R AL T AN, W R e LI
ENEELERE D (B, 2015),

TEEIX . REDRAT 52 \BETIIIZLTRHAT 0
5 (ALK, 2018), ADOEEFIE LT 2 &N TE
Bo WEOKTIZZHHEOGHRICL YT &R Sh,
ZFIE, REOL AN H S RFENT E TILVEIFH O
ehEL I ERMONTWS (LHES, 2010),
D7z, WS EHBEODH HIFEEIC L > T HENLTE
MEE AL ZEHNTE L0, BELBELSZ 5,

b~ b OREEHEE 2 TH ATH 121, BB
HBABENLTE L, 4 2=V 0 7, %
P GRS, 1983) LR C. BN HiEED © [k
WCHEBOX R % BT E L0 TERY AT 2 OHEH
) S ENDHDH (T, 2011) . TRV LD (f
U4 T N—=) (K5, 214), R (FHS
2008). X &L (F3) (NI, 2005) &7 27 AF ¥ =
THEE 2 HEE T A DITHET ST 5%, HHOEMZ
WEFTFVED T LR, L #HLPH O BRI (R 237
W5 EDRENH 5,

ZhUIx LCL @t xR oe 4 HiEE. LHOWRE
FTFE2LMFATE, HHO LED % i 2 (X4 #i
FOREFRE LR TH L. TN T TIZ, TERITHY
BRINLFHIZL - T, BAOHETEZRITE L L
DS 2% o T b (Nurulhuda et al, 2021). %
DWW, T & o TEZ 528, #HEKEE (Konagaya
et al, 2020a) ®°K%7HFH (Nurulhuda et al, 2021) T
13360 nm 73, [0 A22409] Tl 400 nm £ 372 12 Jih
AR KDIENSL Z EPHE X Tw5b (Konagaya et
al, 2021)o MIEIC L DWEDECE LR TEZ S L9
HENEOBEENRH L, LYV E T 5,

Z 2T KRR TIE, ffE [ ) AD409] 128\ T,
BERER R K% H & [ U 360 nm DJfhke g & THEEE D
WENTELPRHREZ L L L7z, KRIC, WEL Y
REOHENPOHETE 200, £72, HEETIVD
IR DOWE AR L 2 WEEHIZ DO W TR EZE L7,

2. RERT3E
2.1, #HH

REBETHPLZ NN D AH»409] (%
Dy ) E BERFHEY TR Y 5 — (BRIl
i) X HRAENZ v, 202049 Hica v o
U= VIZER L 7o 2 BEEERIE O T KPR T
BMIZBERE L ohke R L Lz, BFED 2021 4 4
H 19 HIZ 45 RINHE L, FEEICH W2, REOBEE
162 ~7lmm. FEFIE45 ~54mm. HE&lE 104
~144gTholz, T2, EHAOREL LT, BFE
TES135A plus (TES Co., Taiwan) Til%E L 727k
WO, BE, B, 2, 20 ~ 22, 16 ~
21, 40 ~43°TH o7z,

T A7)y 725 BICHFERL, —H#
OFBMEE ML 72 Kimxid. B (Konagaya
2021) OREEOEREZFHH L, 406122 WTHO
WE (360nm) ZMMTL-bDTHb, 72, Wim
DR AR L DT 2 #7212z 72

FrEid, mERE S NS v F 2 X—% — MIR-
254-P] (PHC Co., Ltd.) T21 HMFE L7z, Mads
MmO & L7z W&, 100 17, 25 C D 3 &%
REL. BERRVITEE L. FORE, &&t0
MR L ZNEN, 60 ~T75%. 45 ~60%. 30 ~
3B%Tho7. FEBHIZ, MEMIIEEL. SHiRE
RLIHELOMIANT EFNT T v ISR D L)
IR L7z, T L0, HEBRBICBWT3RTD
YL, KEKTHIOsTRIFLTELRZEEZEE L
TEEBRIHEL 72,

2.2 BEDATE

WX~ 7 A A7 — 7 — W EEET KM-05 (H R ERT)
LT, REIROELRIIHT B8 5% 722 L
7ol EOMEE LCRLEEL 720 RFEOW A LI
b &I LT, R ERE - 50° BIFE T 3 2Rtk
L. ZN6D 320 ZOREDMHEE L THRFES
7z WU H OREEE X, 073~ 1.03 kgf DHFAIZILE -
720 WHEERIER. ATV VG ) R0 RFEN 249
JEH R HOGIREE . HOGEMER I {S O FEERIZ AL L 72,
TR, 15 CLLFICRE L <. RO FEBRIE 30 4
VINIZAT - 720
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2.3. HAEIRDIRE

b~ b OFEFER OIFIE &R O E S E R L
7oo HOLWRIZ N T — WO EY —HEEL
THUAF L 720 #HICHGOBHEO W RIE, [FERE Y —
Al R [REEH] THH#EEAH 6572365 nm & L
720 T— 70V F 25 cm (26 LDR2-60UV2-365-N
(Y—=v—xR) OFNHEHEL T, ¥ 7IVET
15mWem?® 2R L 720 ZOIRBDY ¥ 7 odfuih
S5E FIZ#H A5 Canon Kiss X7 (% / V) ZHEET
PREE L CHlER 2 B L7z ST IRE (g o hui x4
YTNVHBAAEDDL L )EEEZEZ T, 3lmm & L
726 ¥ VI —AE=FIZFRENDOLZ VLD 1/100s
E L FEISERRO 729 56,150 14 3200 & L7z,
LB, Lo EE {20, a2 7 4 )V
% — FGL400S (Vv —F K, # v M4 ¥ & 400 nm)
%L v AOFRNAFT 720

2.4. HIEEDRE

360 nm FhE D HGERFE & FENIC A 2 726 G
BROWF . HOUTMEZBE Lz, b~ PRFERGD
BEE20mm OR Yy FTREZLSDVIRE, EADDH 5
BEIE3mm BRICH I L7z, 72720, WICERE
MIFEL 720 2 LT, GAELIVIZANT, REOD
FN R LME L7z, EGHEIE. SO REF-
6000 (EEE#/ERT) € 360 nm BhE O 5RE % 1 nm [
F T 390 ~ 750 nm & Tl L7z, B oH0ots s
ReN77-0, 560 ~ 670 nm |2 BT 5 GG E O
fE O FlRiZ 5nm) ZEF&E L7z, 7272L. 17C.
3HOMEIIHN 2 KRE S TH ) YL 72,

2.5. EHEBEGRDRT

HOGHEE DML, EOEBMSHILFE L L T b h
IR D 2o, R O FOCEMIEN R 2 i L7z,
FHI~ 4 270 xa—73RMSTVUSB273 (A1) — -
TV AT L) EHG BRfEFET121E89 500 T3
FZCMOS (EHFA—24x) #fEH L7017 — W&
OIIIZIZHEB LED V) » 7K & vz SOtHf{%RO
Jh#E 121 E ) LED  Omnicure LX405S (Lumen
Dynamics Group Inc.) H .03 £ 365 nm % ff L.
U TR LYK 4em, MAK 45° OALTE & F7H

12mm) 2BV, HE®RE > HmWem?) B&
OB 2 TR T 5720 TH 5,

I TIVIE MY N OFREEBIZ B\ TREBTE L2 AT
I0mmiEDOWE £ H ) % LTHELNLEEDREEK
ThbNEERN Y F—H (VT 7) TRER AT,
U TVEERIL 10 S DIICBIZE L7z, BigEdh, &
HDRRLBOITIRI R B ol 72720, WD

- HEREOBNAS -

AT TIVTIEXY) =GB B L, ) >~
TIKOY > TV o7z,

3. iR
3.1. 360 m BENEEBELICLWEEEHETEZ S
nESI D

Fig. 112 M~ M OWEEZALOBI 2R T o H A
THIICMEIIET L, iR 2 HHTAE K
TL7e COX) BHECMBIOZM AT, Ik
OB % (Bl 21X, 8% (Pinheiro et al, 2013))
TETMEEND Z EWDH DD, RIERT b FEFROM
EPESNTz, T2, WEOREL LT, Sk
MOWERT 2SR TH ) . T IBITIIgE & kD
#EJ: & 7 o 72 (Pinheiro et al, 2013). WE % —EIZ
LCRRAE L CH HEUSH L CIRMIIRIC A2 L3
5T lid. HEPOWMELXHEET S ETHMETH 5,
WL &[RRI IERIE AL T 2 B H UL, 20D
FREE L TR & OBIIHIE & 2 D &GS L v

Fig. 2 1278 L 72 360 nm Jhie o 3 o wotmm B IE, 3

FEEF (kgf)

0 5 10 15 20 25

INFEZR B
Fig.1 b~~~ MREMZOZAL

Figure 1 adapted from the reference authored
by Konagaya et al. (2021) under the permission of
copyright owner (C) IOP publishing (2021) / CC BY-4.0.
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Fig. 2+~ b 360 nm h 8 st (758 EE) D ZAL
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b

MR Ao BEEE & FRR O I AEI %R L7z S 51,
SWABRBMPDS A4 I 7O IHER 2 ~ T H EREREE L
L, 222, TNHEERIIZEFWS ELFEETH -
720 F 2T, 360 nm O FH B EIEAEEICL 5
VR EE DFRRRIC 70 B PR 5 7202, THEE & HOiE
FE & DOBIRE BATIN T Fig 3 1R L72. HEOMET
EHDENWKREL olzA, ke LTI & #%
R & ORIIZIEDOMBENRWZ SN, T2, FhUd
T VARAE L e o 70
Y=a (X+0b) X (1)
IhxcEHATLLEA (1) okHIcTES, &
ZTCYIdEEEE (auw). X3 E (kg a. bl
zhzh, FENBLOMEN R TH D, aldiF

1.2 A

x 104

20
= 18 -
8
o 16 4 0 10°C
ﬂ A 1TC
/R 14 4
ﬁm " 250
i
E
b1

1.0

0 O.I.'«_‘ O.I4 Olﬁ O'.B 1 .0 12
METF (kgf)

Fig.3 b+~ MRFEOWE & 350558 E (360 nm b
EEEfEon) & OfR

InFE =

2181&

(a)

FEDPANAE D) DA O, bIFTEEO (0F ),
WIATHE A TZIREE) OECIREICHEET AETH 5,
BNTIHREIZLY, oG A—F =% KDDL,
FNFNa=447 x 10°au. b=274kgf & 720, #
BERELZ 073 TH - 720

ZOZ N5, 360 nm FhEEEIC X o THE %
ETE, FRENIINHEROREICL S W EAR
WREEN T, $TCIC, BERERR K% H b 360 nm fif
FICH OB EFOZ LD o TnbTzD, 2D
TEEEHE R E A O SR IC b B T X 2 W REIEDS S 5 6

2. RAIDEXISBEEMET 2 2 & DEK

W & KM OHEEH HHEE T E UL, REEN 2 38
BT TV EERERICAE L CinBE AR C &, 2
MUZEDSWTHEMDOliEE HH L LN TE DL, S
DOWAE, REOBRIUICBWTCERENLHRLTH L0
5 (IR, 2018). ZOHFEIZIZDRIERSLREICY
ISHTE LR LD 5o 7277 L, WS IZRFEDLEMAE
WCEDHRFLMETHY . TNERIMOELD) SHEEL
L) LT 5O FFEITFEETREHELD L 2L,
R REOEAEEIEAE L L HIZBL L 72h 2% 2
TBLLEDD 5,
KHOELEREDOHE» SBEL T A% M5 72
DITIE, BRI EZ Foe T hE L v, Fig 413 b~
F OFREAFITEE um OB S T TOMWMIHOEETH
bo T —B{ETIZIRBAAERE T L TREDHEN
EEETHLFRADEP o TVBEH, BV E L
BRI L v — 7T 365 nm i 096 % B
By 5L, mEPEHVITE, T BEDYEET 512

200 pm

(b)

Fig. 4 1~ N RIS O I i s i i 5
(@) 77 —MWifgs L (b) 365 nm FhE2H G (%
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b MRSEFETE S & OHENTE O 365 nm B GE

Fig. 5

ELEBEOLDIE o &) LRI TE L, Thud, — R
WOEBEOMT & KT 5 L) 7205, T TCITBEEITHK
FECHE LTV 2 L) ICHBOM S IZFE LD AR b
WIRICE o THREY, BWEORT LEFEEICKEID
5% (Konagaya et al, 2020b), Z DHGORERD S
HER HEIZ L 59, REH S DT 5 50 um AKiilf D
Mk (0F D, BEORT—)V) BB LTnDHT L
NRWEZE N/,

WIZ, EREOFENCFENAME & & HITEfLL 72
DEER LSO, REOFEEHMEEHOF G L
72 (Fig. 5)o T4 &, WimlZ &, FHEFREMT
513 ERE O HMN % 50 LRI, Y&
(ZBIEE L 72 MERTTHI O HOG S # 0 7 o 720 3R & Wi
OHFIGIE LR 7'rﬂ3 LTWwaZeibrol, D
0. ORI E D ) BALDE R & EICREIER SR =
U‘%ﬁ®ﬁ%#%%%®@§%%mf§tt%x%

-0~ 10T
12 - —-— 17T
—=— 257

B f (kof)

0 100 200 300 400

REEE (C-d)

(a)

Fig 6 b+~ NREOWE (a) B L OHEGESS

30 mm

N5bo GRIE, BEEOMBEI T 7205100 2 B
fLETRD 2 LT, RESKROME % KHOELH, S
FERIEAYICHEE L 72\
3 BEILEDIKBEHRTERNEAEREICLS BV

D hH

360 nm Jihie O # i e H M = HEE T 5 i
PHEZDOWREIZL > TELL e ofze 2L, FEH
MAEEZ2 5 ECIEETH), 10, 17. 25CTOH >
W (B2, 13C) CTHMEXA 2 LRt %
RIELTWh, ZiUd, BEEmICiE, REDTHEE & bt
TR ICRBICER L2 2228 TE B, U
BOAEFETIZ, MEEREREORHMTETZ L
HY (FE, 2013 : B 5, 2020 ; B, 2017), ~<
FOBEREIZOWTHFEMIZEZ S L Fig 6 (a) Ok
IICHERIRE IS T 2HEX /R TE 5, 22T, M

%104 - 10C
. 20 - —— 17°C
:: - 25
LB ankpy
<R S TR
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o | RIEE
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e S
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b

BRI, BB T AEOHEE L LT
(2) WX VFEHE LD (EIFHE, 2006 245,
1963) 6

FEEE = X (RE-4AHOEE)
7272l HFESE (T -d) X (2)
AR EEY 1 CT OIS0 T T 752 &,
TCOEFIIHRDMESFMT L O EEILAE LR -
oo SO ENL, [HAD409] 12OV TIX, 7CTH
WEEIZOWCTOEBNFEEEARTIENTE DL, &
FWRREIZOWT D, MU I TCREMBEREE L
THRERELFME LT 9 7 % Fig. 6 (b) 12wz,
T5HE, THL LML FERICRFREICE S 2WWT
SRIEBALDE R 5720 2F ), 360 nm hk D HE D
RS . 6 CAEBMZ EOFBEIRE IS L Td 35
ZEDHS NI o T HOEHREICERIREDE 2 )
U TIIOHEHE IR S v, SHid. Z0E2
FafE) LT AhWHFHETHELNEES,S S,
REOME % NIFTHEN T X 2 BEMD D %,

4. {&m

ARIFFETIE. P~ D AH409] DOHREEE % 360
nm O HGHREE A SHEE T S 720D E T & et
L72o ZOfEH, MER L S EAEOMmE L, IUHE
%2HTEWML ZO®RETL 72, 10, 17, 25C Dt
BT, RESEWVITIE, RO M ORI T A
SHECTH o720 TOMEORRIE. WMEIZL ST
L. BIERUFIZE YD 7= 073 MBS N, RELKE
DREN R EREOENEHI SHETE DL v ) v
I, K ENERCT L CEIbd 280050128
AL 720 F7210 ~ 25C TR UHEERDME 2 72 B H
E LTI, BEEE & MR O A 7C % A EE
ETARBEREOBBE o Tz S HHL
720 WEDHMAIIREDKIIZBNTEHENTH DD
T, ZROFEL, IrOHBETORY L, i
mOTH, aWEOBEMIIEH T E A2 RIEITIIRE L 72
Vi

B IE

T TIWVAFIIBW T, K% Y LHRL s 7 —
B Mk B o Z1FIKIC S K e T ) 2wz 2wz,
F 7o, R RIS ) R— 3 by — OFRIENBEE
BRIIIEBOERERY BEY Lz, 22, E#Ho
BEERT D,
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